We use office data from ten cities in the Asia-Pacific region from 4Q2001 to 2Q2012 to propose a forward-looking investment appraisal framework to compare the effectiveness of two currency risk hedging strategies for a portfolio of real estate investments in ten cities of seven Asia-Pacific countries. This is aimed at determining the optimal choice among "unhedged", "artificially" hedged and "natural" hedged options. Analyses based on NPV, IRR, Sharpe Ratio, Jensen's alpha and stochastic dominance were done for 3, 5 and 7-year holding periods. All the results show that the "natural" hedge strategy is the optimal choice as it provides superior returns.
INTRODUCTION
The integration and deregulation of global financial markets as well as changes in international politics and economic policies have resulted in increased global real estate investment opportunities. Thus international investment in property (both direct and indirect) has increasingly become an important component of the portfolios of institutional funds and high net-worth investors. Given that currency fluctuations can severely affect the risk-return characteristics of international investment, and huge sums of foreign capital being invested in South Eastern Asia in particular, it is important to consider the impact of exchange rate volatility on such investments in order to take appropriate measures to hedge against exchange rate risk where necessary. Although studies thus far have mostly concluded that currency risk does not have statistically significant impact on the performance of international real estate investments, these studies were done before the global financial crisis of 2008. It is therefore necessary to revisit the topic. The paper proposes a forward-looking investment appraisal framework to compare the effectiveness of two strategies in hedging against currency risk in a portfolio of real estate investments in ten cities of seven Asia-Pacific countries, and to determine the optimal choice among "unhedged", "artificially" hedged and "natural" hedged options.
The rest of the paper proceeds as follows. The next section is a review of selected relevant studies on the topic. This is followed by data sourcing and management and the empirical methodology adopted for the study in section three. The results of the data analyses are presented, interpreted and discussed in section four. The last section deals with concluding remarks.
LITERATURE REVIEW
The extant literature on the effect of currency risk on foreign investments provides us with two main conclusions: that exchange rate volatility has either no or benign, and negative, impact on foreign investments. Addae-Dapaah and Choo (1996) , find no statistical significant difference between currency adjusted and unadjusted returns, and their related standard deviation and correlation coefficients at the 0.05 level of significance. These findings are replicated by AddaeDapaah & Loh (2009) . Moreover, Addae-Dapaah and Choo (1996) conclude that the exchange rate volatility had a positive impact on the performance of the portfolio during the period of investigations. It is therefore not surprising that these studies do not deal with hedging of the investment returns. Solnik & McLeavey (2003) state that currency risk decreases with the length of the investment horizon as exchange rates tend to revert to the mean.
However, Ziobrowski and Curcio (1991) , show that extreme volatility in exchange rates is the major culprit in increasing foreign investment risk to make domestic investment appear less risky in comparison. discovers that accounting for currency fluctuations increases U.K real estate risk by about 145% and decreases the expected return. Chowdury and Sarno (2004) concur with the above findings which are controverted by Solnik (1996) who argues that currency fluctuation has never been the major component of total return on a diversified portfolio over a long period of time because the depreciation of one currency is often offset by the appreciation of another. In contrast, Jacque (1996) states that regardless of the diversification strategy, the return from an international portfolio is exposed to currency risk as a result of the investor owning a claim in s foreign currency-denominated, timedeferred cash flow. While the extant literature (e.g. Baum, 1995; Lizieri & Finlay, 1995; Sirmans & Worzala, 2003) discusses the impact of currency risk on risk-return characteristics of international real estate, several early empirical studies on international real estate tend to tersely deal with currency fluctuations by suggesting that currency risk can simply be hedged away without considering the impact of the cost of hedging on the returns (Sweeney, 1988; Giliberto, 1993) . Other studies have documented that a hedge in effect implies annual repatriation of funds. In general, while rental income can be repatriated annually, the capital gain component can only be realized upon sale of the property and is thus affected by the aggregate currency movement over the expected holding period (Worzala et al. 2005) .
Currency Hedging
The general concept of hedging is to reduce any substantial losses in an investment by using financial instruments to reduce the investment's exposure to risks. Thus, financial instruments have been developed in the money and capital markets to hedge against losses due to foreign exchange. Ziobrowski (1993 and explore the use of options and forward contracts, utilizing ex-post data, to conclude that no diversification benefits could significantly alter returns. However, no attempt was made to mitigate currency fluctuations. Worzala et al. (2005) use currency swaps to hedge currency risk inherent in international real estate investment to find that currency swaps suppressed most of the exchange rate volatility that beset a US international real estate investor. However, most of the investment strategies used in the above studies generally focus on short-term hedging instruments. Given that real estate is generally illiquid and held over relatively long investment horizon, the use of short term instruments to hedge real estate returns against exchange rate volatility might be inappropriate and thus, provide results that could be misleading. Ziobrowski et.al (1997) , did attempt to address the inherent problems in modelling real estate, (i.e. illiquid investment and long term holding period) to suggest that a currency swap reduces the risk of currency fluctuations on the income return of foreign property. Madura and Rosenberg (1993) conclude that a currency swap may be an appropriate instrument for hedging overseas real estate investments since they are most effective at hedging currency risks for several years rather than months. Worzala et al. (2005) and Lizieri et al. (1997) argue that results based on portfolio-based indices may be misleading as the ex-post data is historically contingent and hence ignores uncertainty. Thus, an appropriate test of the efficacy of hedging techniques for individual investors is to use a forward-looking simulation with realistic expectation and volatility inputs for key variables that impact the risk and return characteristics of the real estate investment. Another common criticism is that currency swap does not provide effective hedging for capital appreciation and depreciation in investments. Worzala et al. (2005) use two different swap contracts: one for the initial price of the property and the other for the expected terminal value of the property. The second scenario could potentially increase the volatility of the investment return if the actual sales price is different from the expected terminal value. Campbell et al (2010) find that the Euro, Swiss Franc and US Dollar moved against world equity markets over the period of 1975-2005, making them attractive investments for risk averse equity investors. Stepien and Su (2012) studied the benefits of currency hedging for a Polish investor to conclude that a fully currency hedged strategy would have benefited a Polish investor who held an international portfolio between January 1999 and December 2008.
Studies have also been conducted on the effectiveness of hedging other asset classes. Schmittmann (2010) found that full currency hedging is the dominant strategy in bond investment, while the correlation between currencies and equity investment determines the level of currency exposure in equity investment. This may imply that the rental component from real estate investment may benefit from full currency hedging as rental and bond coupons are fixed over a given time. The capital gain from the sale of a property puts the capital return in the category of equity investment. Walker (2008) , concludes that currency hedging increased the volatility of returns in a diversified portfolio for investors from Brazil, Chile, Peru, Colombia and Mexico between 1995 and 2005. Currency betas increased during the period due to the rise in international trade in these countries. Exhibit 1 provides a summary of the basic characteristics of commonly used foreign exchange hedging instruments.
Data
The ex-post quarterly office capital and rental values for the sample cities were extracted from three Jones Lang LaSalle sources, namely: Asia Pacific Property Digest, Real Estate Intelligence Service and the Office Rental Index. The quarterly market exchange rates were obtained from Bloomberg Database. The current market values used as inputs for the Monte Carlo Simulation, including capital values, rental values and vacancy rates, were collected from the 2Q 2012 edition of the Jones Lang LaSalle Asia Pacific Property Digest. The three-year, five-year and seven-year swap rates were obtained from Bloomberg Database.
The ten sampled cities from seven Asia-Pacific countries for the study are: Beijing, Hong Kong, Shanghai, Bangkok, Jakarta, Kuala Lumpur, Manila, Singapore, Seoul, Tokyo and Taipei. The study period, constrained by data availability, is from 4Q2001 to 2Q2012. Further analyses for out-of-sample period from 1Q2006 to 2Q2012 are done to see if the results for the in-sample and out-of-sample will be similar. The data are analyzed over 3, 5 and 7-year holding periods.
EMPIRICAL METHODOLOGY
In order to achieve the objective of ascertaining the optimal choice among "unhedged", "artificially" hedged (using currency swap) and "natural" hedge options, we first use the office property data to construct mean-variance efficient portfolios. The main focus will be on "natural" hedge and "artificial hedge -The unhedged portfolio is the "control" portfolio. The portfolios are based on the following assumptions:
• US dollar-denominated rational investor who wants to hold a portfolio of international prime office investments in the central business district of the sampled cities.
• Investor has enough funds for the investment. However, the analyses are based on an investment of US$100 million. This is purely hypothetical to facilitate the analyses. There will be no gearing.
• 3-yearly rent reviews for 5-& 7-year holding periods.
• Vacancy rates are assumed to remain constant at 2Q2012 levels. While this is not accurate, it is more realistic than assuming full occupancy for office space.
• Periodic income will be repatriated annually to US. This is more conservative than repatriating the accumulated periodic income at the end of the holding period together with the sales proceeds because by repatriating periodically, the investment is not unnecessarily exposed to uncertainty in potential currency fluctuations.
• Capital gains tax is assumed to be zero since it is common for the sampled countries to impose no capital gains tax for real estate when sales occur after a defined period. The "net rental" which is repatriated annually is net of all outgoings including property tax.
According to Blavatskyy (2010) , the mean-variance approach does not have a natural preference foundation as it is not robust to outliers -extreme deviations are greatly overweighted while small deviations are often neglected. To overcome the limitations of the Mean-Variance criterion, Egozcue and Wong (2010) recommend the use of stochastic dominance (SD). Taylor and Yoder (1999) conclude that SD is a theoretically unimpeachable general model of portfolio choice that maximizes expected utility. Similarly, Kuosmanen (2001) recommend SD as an attractive method because it is effectively nonparametric as no explicit specification of a utility function or probability distribution functional form is required. SD will thus add robustness to the findings of this study.
Stochastic Dominance Criteria
Financial decision making under uncertainty boils down to the following two elements (Bawa, Jr, Rao, & Suri, 1985) :
1. Characterization of the choice set of investments by a joint probability distribution of returns, and 2. A preference ordering that ranks the above alternatives by a utility function defined over the probability distribution characterizing the choice set
The Stochastic Dominance (SD) rules are normally stated as first, second, and third criteria denoted by FSD, SSD and TSD respectively [Barucci, 2003] , [Levy,1992] .
Let: !" : Represents the distribution of the currency swap, and !" : Represents the distribution of the natural hedge. The three orders of SD can be explained in the following theorems
FSD theorem
For any two cumulative distributions of !" and!", !" is preferred to !" for all utility functions in U1 if and only if:
Every expected utility maximizer with an increasing utility function will prefer investment S over investment N if S first-order stochastically dominates N.
SSD theorem
For any two cumulative distributions of !" and!", !" is preferred to !" for all utility functions in U2 if and only if:
All risk-averse expected-utility maximizers prefer investment S over investment N if S secondorder stochastically dominates N.
TSD theorem
For any two cumulative distributions of !" and!", !" is preferred to !" for all utility functions in U3 if and only if:
All risk-averse investors looking for positive skewed investments prefer investment S over investment N if S third-order stochastically dominates N.
In addition, Sharp Ratio and Jensen's Alpha are employed in the analyses.
STRATEGY 1 -"HEDGING WITH A CURRENCY SWAP"
Where !" = Currency-unadjusted rate of return for period t P ! = Capital value of office investment in period t P !!! = Capital value of office investment in period t-1 a ! = Capital value of office investment in period t-1
The quarterly currency-unadjusted expected returns for each of the countries over each of the three holding periods are calculated as follows:
Where ! ! ! = Expected quarterly rate of return on investment in country i R !" = Currency-unadjusted investment return in city i in period t k = Number of periods Following these steps; MATLAB Optimisation Toolbox is used to construct a mean-variance efficient frontier for the returns of the different holding periods.
For the purpose of this study, the portfolio with the highest rate of return to risk ratio is chosen as the optimal portfolio for the artificial hedge and natural hedge strategies across the three holding periods. A "plain vanilla" currency swap is used to hedge the chosen investment. Hence a cash flow pro-forma is constructed for the analysis of the investment based on conditions as of 2Q of 2012 as stated in the assumptions. The inputs for this cash flow are the swap interest, swap fee, rental fees, rental growth, effective NOI in the local and US dollar currencies, exchange rate and capital value. A Monte Carlo simulation is used to generate different outcomes of future exchange rates. The outputs are the net present value (NPV) and internal rate of return (IRR).
STRATEGY 2 -"HEDGING WITH A NATURAL HEDGE"
In this strategy, the natural hedge comprises of a mean-variance efficient portfolio that incorporates a currency cocktail in its composition and is obtained by projecting currencyadjusted returns as in the following equation.
Where ! !"# = Currency-adjusted foreign investment returns R ! = Currency unadjusted rate of return for period t ! ! = Percentage change in exchange rates MATLAB Optimisation Toolbox is then used to construct a mean-variance efficient frontier for the currency-adjusted returns. As with the first strategy, the portfolio with the highest rate of return to risk ratio is selected as the optimal portfolio. A cash flow pro-forma is constructed for the analysis of the investment as in Strategy 1. However the inputs in this cash flow exclude the swap interest and swap fee. A Monte Carlo simulation is used to generate different outcomes of future exchange rates. The NPV and IRR of the investment are the outputs from the simulation exercise.
CONTROL STRATEGY -"NO HEDGE"
The procedure as in Strategy 2 is repeated but with currency-unadjusted returns. The chosen optimal portfolio will thus be on the same basis as the portfolio for strategy 1. This strategy will be the 'control', representing the "no hedge" strategy.
HYPOTHESIS TESTING
The hypothesis to be tested is: 'Currency swap as a hedging tool, on the basis of better unadjusted risk-return characteristics, is superior to the "natural hedge" of international real estate investments portfolios over any holding period.' To test the hypothesis, the following statistical procedure is performed.
Let µ ! and µ ! be the population means NPV of an investment with the swap and "natural" hedge strategies respectively.
Level of Significance: 5% Test: One-tailed standard normal distribution Z-test (since sample size = 1000 is large) If the calculated z value is more than 1.645, then ! ! is accepted at the 5% level of significance. Otherwise, ! ! is rejected in favour of ! ! at the 5% level.
RESULTS
The composition of the unhedged portfolios with the highest return-risk ratios for the three holding periods is presented in Exhibit 2. Beijing, Bangkok, and Kuala Lumpur feature in the portfolios for all three holding periods although with different weightages. Similarly, the relevant market information as of 2Q2012 is presented in Exhibit 3. The information relate to exchange rate per US dollar, capital value per m 2 in local currency, annual net rent per m 2 in local currency and vacancy rate.
Given the data in Exhibits 2 and 3, the allocation of funds to office investment in each relevant city for the three holding periods is presented in Exhibits 4a-4c. 
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A "plain vanilla" currency swap has been chosen for the various portfolios. At the initiation of the hedge, the investor exchanges U.S dollars for the amount of the various currencies required in the 3 various portfolios. Taking the example of the three-year portfolio, the investor swaps a total of USD 19.97M for RMB 125.99M, USD 17.45M for Bht 551.54M, USD 21.29M for MYR 67.96M and USD 41.28M for NTD 1,234.68M for the 3 year portfolio according to the exchange rates as at the 2Q of 2012. This is also applied to the 5-and 7-year holding periods.
The cost of the swap is assumed to be 1% origination fee for the USD 100 million principal swapped for the 3 portfolios. This is considered acceptable and conservative by Worzala et al.
Thus, the total outlay for each of the three investments will be: = USD 100M + 0.01(USD 100M) = USD 101,000,000
Annual Income
The annual rental income from the investments is presented in Exhibit 5a-c. To peg the exchange rate for the annual repatriation of the rental income, the investor is required to pay an annual swap interest in the respective local currencies as shown in Exhibits 6a-c. Exhibit 5b: Annual Rents -5-Year Currency-Unadjusted Portfolio The investor in turn receives swap interest payments in U.S. dollars at comparable rates, such that the swap interest payments and the receipts cancel out. The annual net cash flow for the 3 portfolios are tabulated in Exhibits 7a-c. 
Capital Value upon Sale
The capital value at the end of the holding period is fixed on the basis of an assumed annual growth rates (Exhibit 8) over three year rolling periods between Q4 2001 and Q2 2012. The capital value at the end of the holding period will not be simulated as the study is aimed at comparing the two strategies of hedging exchange rate volatility, across different investment horizons. As long as the same growth rate for a particular city is applied for both hedging strategies across the different portfolios, a fair comparison can be made. Assuming constant annual capital value growth, the capital value at the end of each of the 3 holding periods are given by:
where CV !" = Capital value of investment in country i at the end of the holding period CV !" = Initial capital value of investment in country i g ! = Annual capital value growth rate of investment in country i
At the end of the holding periods and the maturity of the respective swaps, the parties reexchange the initial amounts swapped. Thus taking the example of the 3 year unadjusted currency portfolio, the investor has to return RMB 125.99M, Bht 551.54M, MYR 67.96M and NTD 1,234.68M, which was received at the initiation of the hedge in exchange for the USD 100 million paid.
The currency swap stabilizes the U.S. dollar income every year and is supposed to reduce the uncertainty of the reversionary value at the end of the holding period. The swap however does not hedge against currency risk for any capital appreciation realized at the end of the holding period, i.e. the capital value is at the mercy of the volatility of the exchange rate, which is simulated using Monte Carlo Simulation.
The preceding analyses and computations (except relating to currency swap) are repeated for the currency-adjusted returns to facilitate the evaluation of the natural hedge strategy.
Simulated Results
The results for the 3 and 7-year holding periods for full sample are presented in Exhibits 9 and 10. The results for the 5-year holding period (not presented but available on request) are similar to those shown. All the metrics for comparison: NPV, IRR, Shape's Ratio and Jensen's alpha, clearly shows that the natural hedge strategy is far better than both the currency swap hedge and unhedged strategy over the 3-year holding periods regardless of the exchange rate volatility (Exhibit 9). For example, during high exchange rate volatility when hedging should be intuitively appealing, the natural hedge strategy provides NPV of US$5,509,624 compared to US$3,129,520 for hedged strategy.
Another startling result is that the swap hedge, instead of reducing risk, increased risk as measured by the coefficient of variation which is a better measure than the standard deviation given different expected returns. The result concurs with Walker (2008) . The swap hedge, however, reduced risk over the 7-year holding periods. Notwithstanding, the NPV, IRR, Sharpe Ratio and Jensen's Alpha show that the natural hedge is superior to currency swap hedge (Exhibit 10). Furthermore, the out-of-sample results (Exhibit 11) confirm the superiority of the natural hedge to swap hedge. Moreover, the hypothesis test result in Exhibit 12 show that apart from low currency volatility for 3 and 5-year holding periods, the null hypothesis that currency swap as a hedging tool for international real estate investment is superior to natural hedge is rejected at the 0.05 level of significance in the remaining cases. In other words, natural hedge performs better than currency swap hedge. The superiority of the natural hedge is further confirmed by stochastic dominance results presented in Exhibits 13 and 14 -The natural hedge exhibits first degree dominance over currency swap hedge. High Currency Variation CONCLUSION We set out to propose forward-looking investment appraisal framework to compare the effectiveness of two strategies in hedging against currency risk in a portfolio of real estate investments in ten cities of seven Asia-Pacific countries, and to determine the optimal choice among "unhedged", "artificially" hedged and "natural" hedged options. Analysis of the data for the in-sample and out-of-sample periods based NPV, IRR, Sharpe Ratio, Jensen's alpha and stochastic dominance reveal that the natural hedge strategy is the optimal choice. It provides superior returns to swap hedge and the control strategy over all the three holding periods. Furthermore, the superiority of the natural hedge is confirmed by hypothesis test results. Thus, investors who invest in real estate in the sample countries may seriously consider the natural hedge strategy to improve their investment returns. 
